Independent of stellar modelling, global seismic parameters of red giants provide unique information on the individual stellar properties as well as on stellar evolution. They allow us to measure key stellar parameters, such as the stellar mass and radius, or to derive the distance of field stars. Furthermore, oscillations with a mixed character directly probe the physical conditions in the stellar core. Here, we explain how very precise seismic indices are obtained, and how they can be used for monitoring stellar evolution and performing Galactic archeology.
Introduction
Red giant seismology is one of the exquisite surprise provided by the space missions CoRoT and Kepler. From, the analysis of long, continuous, ultra-precise photometric light curves, seismic indices can be derived from calibrated global seismic parameters that describe the oscillation pattern. They measure the properties of both the stellar envelope and the core. In this review, we focus on ensemble asteroseismology results that provide a wealth of global information. The analysis and modelling of individual stars have started for a handful of targets (e.g., Baudin et al. 2012; di Mauro et al. 2011; Di Mauro et al. 2015; Jiang et al. 2011; Lillo-Box et al. 2014) but are not presented here, despite the fact they are crucial for the deep understanding of the stellar interior structure and of the physical input to be considered, such as the measurement of the location of the helium second-ionization region (Miglio et al. 2010) , or the measurement of differential rotation (Beck et al. 2012; Deheuvels et al. 2012) . The global properties of the low-degree oscillation spectra used to derive relevant estimates of the stellar masses and radii are presented in Section 2. In Section 3, I show the rich information provided by the identification of mixed modes. They result from the coupling of gravity waves propagating in the radiative core region, with pressure waves mainly propagating in the stellar envelope, and directly reveal information from the stellar core . A few results permitted by ensemble asteroseismic measurements are presented in Section 4.
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Solar-like oscillations
Two seismic indices, the frequency ν max of maximum oscillation signal and the frequency separation ∆ν between radial modes, can be easily defined from the structure of the low-degree oscillation pressure pattern. In this Section, we intend to show how they can be precisely determined.
Gravity and convection
The empirical definition of ν max is clear. However, measuring it is more difficult, partly because ν max depends on the observable (intensity or velocity measurements provide two different values of ν max since the translation of relative photometric amplitude to Doppler velocity depends on frequency). In fact, we lack a precise and non-empirical definition of ν max . In practice, the maximum of oscillation signal comes from the minimum of the product η I, where η is the damping rate and I the inertia of the modes. (e.g., Balmforth 1992; Belkacem et al. 2012) . This occurs when oscillation periods are equivalent to the thermal and convective time scales.
Observations show that ν max provides a highly-precise measurement of the stellar gravity (e.g., Morel & Miglio 2012; Morel et al. 2014; Pinsonneault et al. 2014) since it scales as the acoustic cutoff frequency Brown et al. 1991) , hence as the ratio g/ √ T eff . This is verified for most of stars, except in some cases, as Procyon, where the oscillation excess power shows two humps (Arentoft et al. 2008 ). In the general case, from ν max we get a reliable and precise proxy of M R −2 T eff −1/2 . 
Homology and universal pattern
The low-degree oscillation spectrum of red giant pressure modes follows, as for other stars, the asymptotic expansion (Tassoul 1980):
where n is the radial order and ℓ is the angular degree. The asymptotic large separation ∆ν as = (2 R 0 dr/c) −1 measures the stellar acoustic radius. The asymptotic value of ε as is 1/4. The second-order coefficients A ℓ have a more complicate form.
CoRoT observations have evidenced a unique property of the red giant oscillation pattern: following the interior structure homology, the pattern can also be defined as homologous. The concept of universal red giant oscillation pattern was introduced by Mosser et al. (2011) , as an alternative form to the usual asymptotic expansion (Tassoul 1980) , with the observed large separation as the only free parameter. The second-order asymptotic expansion expresses as
where all the parameters depend either on ∆ν obs or on the dimensionless parameter n max = ν max /∆ν obs − ε obs (Mosser et al. 2013c) : the radial offset ε obs helps to locate the radial ridge; the non-radial offsets 0 . l express the shifts of the different degrees ℓ compared to the radial modes (e.g., Corsaro et al. 2012) ; the term α accounts for the secondorder asymptotic expansion.
The signature of homology of red giants is illustrated in Fig. 1 , where CoRoT red giant oscillation spectra sorted by increasing large separation values are plotted on the same graph, with a dimensionless frequency in abscissa. The alignment of the ridges, each one corresponding to a given radial order n and angular degree ℓ, demonstrates the validity of Eq. (2). Contrarily, oscillation patterns in mainsequence stars could not be superposed.
Equation (2) accounts for the measurement of ∆ν obs around ν max . The asymptotic large separation ∆ν as corresponds to the frequency spacing at very high frequency, hence it cannot be measured. Its theoretical value is slightly larger than the observed value; the relationship between the observed and asymptotic parameters is studied in Mosser et al. (2013c) . The high accuracy level reached by Eq. (2) has been shown in previous comparison work (e.g., Hekker et al. 2012; Verner et al. 2011b) ; the accuracy of the measurement of ∆ν obs is better than 0.04 µHz for all evolutionary stages (Mosser et al. 2013a) .
The measurement of ∆ν obs is however perturbed by a modulation due to the rapid local variation of the sound speed in the stellar interior, related to the density contrast at the core boundary or to the local depression of the sound speed that occurs in the helium second-ionization region (Miglio et al. 2010) . The main signature of the glitch induces a modulation of the spectrum. Ensemble analysis of this glitch has shown how it can be modelled, depending on stellar evolution (Vrard et al. 2015a ). This means that we can derive glitch-free measurement of the large separation. As a result, with the large separation measured in a broad frequency range, accounting for the second-order correction of the asymptotic correction, and corrected for glitch perturbation, the measurement of the large separation provides a reliable proxy of the square root of the mean density M/R 3 .
Scaling relations
Seismic relations with ∆ν obs and ν max can be used to provide proxies of the stellar masses and radii. The scaling relations write the calibration, it is necessary to avoid confusion between the large separation ∆ν obs measured from radial modes observed around ν max , the asymptotic large separation ∆ν as , and the dynamical frequency ν 0 that scales with M/R 3 .
Dipole mixed modes
Mixed modes allow us to detect the gravity modes that probe the stellar core in a much more efficient way compared to the Sun (e.g., Belkacem et al. 2009 ). Shibahashi (1979) and Unno et al. (1989) derived an implicit asymptotic relation for mixed modes in case of weak coupling, which expresses as
Asymptotic expansion
The phases θ p and θ g refer, respectively, to the pressure-and gravity-wave contributions, and q is the coupling factor between them. Mosser et al. (2015) write them
where ν p and ν g are the asymptotic frequencies of pure pressure and gravity modes, respectively, ∆ν n is the frequency difference between two consecutive pure pressure radial modes (the subscript n means that small variations of the large separation with the radial order can be accounted for), and ∆Π 1 is the asymptotic period spacing of gravity modes. Equation (6) can be used at any order of the asymptotic expansions for the pure pressure and gravity contributions. For instance, these expressions may include the signature of acoustic or buoyancy glitches .
Period spacing and rotational splitting
The derivation of the implicit asymptotic expansion provides an analytical form of the period spacing between two consecutive mixed modes, which writes ∆P/∆Π 1 = ζ, with
Interestingly, this expression matches the first-order asymptotic expansion derived by Deheuvels et al. (2015) for expressing the mixed-mode rotational splitting. Following Goupil et al. (2013) and Deheuvels et al. (2015) , the rotational splitting of mixed modes expresses
where δν rot,g and δν rot,p are the rotational splittings related to pure gravity or pure pressure modes. The measurement of rotational splittings and the derivation of the mean core rotation are discussed in Mosser et al. (2012b) Period-luminosity relations of radial modes of AGB and RGB stars observed with Kepler (blue pluses) and OGLE (black symbols). The proxy of the luminosity is derived from ∆ν −4/3 obs . Each sequence, corresponding to a fixed radial order, is fitted with the model provided by Eq. (2) extrapolated to low frequency (gray solid lines). The thick red line indicates the location of ν max . The blue dashed line corresponds to the tip of the RGB. Figure from Mosser et al. (2013b) .
Asymptotic period spacing
The previous developments provide the theoretical basis for the thorough understanding of the mixed modes. Following Mosser et al. (2015) , the function ζ is used to turn the frequencies into periods τ, with dτ = −d log(1/ν)/ζ. From the integration of this change of variable we derive corrected periods τ of mixed modes, called stretched periods.Échelle diagrams based on τ show the structure of the gravity modes contributing to the mixed modes (Fig. 2) . This allows the most accurate measurement of the asymptotic period spacing even when rotation splittings are important (Vrard et al. 2015b ) and emphasizes the signature of the buoyancy glitches, namely rapid variation of the BruntVäisälä frequency in the radiative core. 
Seismic indices
Global seismic parameters can be used as seismic indices for characterizing stars and performing ensemble asteroseimology.
Stellar evolution up to the AGB
From the scaling relations Eqs. (3) and (4), we derive
On the red and asymptotic giant branches, all low-mass stars are present at all evolutionary stages, so that the mass play no role in this relation. Consequently, ∆ν obs scales as ν 3/4 max (Fig. 3) . The validity of Eq. (9) over more than six decades in frequency indicates that the stellar red giant populations observed by CoRoT or Kepler constitute a set of stars homogenous enough to mimic stellar evolution. This result extrapolated to very low ν max , with Eq. (2) iteratively adapted to fit the low-frequency oscillation spectra, was used for demonstrating that period-luminosity relations in semi-regular variables are drawn by lowdegree low-radial-order solar-like oscillations (Mosser et al. 2013b) . When the large separation decreases, the radial orders of the observed modes decrease too, down to n max = 2 (Fig. 4) . Interpreting oscillations in semi-regular variables as solar-like oscillations can be used to investigate with a firm physical basis the time series obtained from groundbased microlensing surveys. This will provide improved distance measurements, since an accurate measurement of the stellar radius permits an accurate use of the StefanBoltzmann law, and opens the way to extragalactic asteroseismology, with the observations of M giants in the Magellanic Clouds. Mosser et al. (2013b) have also shown that the acceleration of the external layers of red giant with solarlike oscillations is about the same order of magnitude as the surface gravity when the stars reach the tip of the RGB: global oscillations play a role in the mass-loss process.
∆ν -∆Π 1 diagram
The measurement of ∆Π 1 provides a unique view on the physical properties in the stellar core (Mosser et al. 2012a) and reveals clear differences between evolutionary stages (Mosser et al. 2014 ). The analysis, now expanded to large populations by Vrard et al. (2015b) with about 5 000 red giants, shows the influence of the stellar mass and metallicity on the evolution on the RGB in the ∆ν -∆Π 1 diagram. In Fig. 5 , we illustrate the mass dependence of the ∆ν -∆Π 1 relation for core-helium burning stars in three open clusters Stello et al. 2010) . Evolution tracks largely depend on the mass, with massive stars in NGC 6811 in the secondary clump. Three stars of NGC 6819, much more massive than expected, are confirmed as blue stragglers (Corsaro et al. 2012) . The highly precise evolutionary tracks in the ∆ν -∆Π 1 diagram can now be used to constrain stellar evolution modelling (e.g., Bossini et al. 2015; Lagarde et al. 2015) .
Rotation
Rotation also benefitted from ensemble asteroseismology. Mosser et al. (2012b) have shown a significant spin-down of the core rotation with evolution on the RGB. Mechanisms able to efficiently transfer angular momentum from the core to the envelope have been investigated (e.g., Eggenberger et al. 2012) ; the role of mixed modes for spinning down the core rotation is underlined by Belkacem et al. (2015a,b) . This topic, as all others, now benefit from supplementary non-seismic measurements and from theoretical developments, to make the best of seismic indices.
